Background: Little is known about pediatric hospital admissions in Ethiopia. Methods: This cross-sectional study analyzed all data entered into the Gondar University Hospital pediatric ward's admission registration books over 1 year. Patient age, sex, origin, length of stay, diagnosis and discharge condition were transcribed into an electronic database for all observations. Missing data were retrieved by chart and death certificate review. Primary outcome measures included death and death in the first 24 h of admission. Results: In all, 1927 patients were admitted to our facility during the year of study. Of these, 64.5% improved, 4.6% were discharged unchanged, 6.5% disappeared and 7.5% died; the remaining 17.0% of outcome data were registered as 'non-death' but could not be specified further. The median age of admission was 2.2 years (interquartile range 1-7 years), with more admissions for children younger than 5 years (70.3%) and more male subjects admitted than female subjects (59.6% male). The median length of stay was 4.0 days (interquartile range 2-10 days). Eighty-one percent of admissions originated from Gondar or its neighboring districts. Most admissions carried a respiratory, nutritional or infectious diagnosis (47.5, 46.8 and 36.5%, respectively). Conditions diagnosed most commonly (>200 cases) included community-acquired pneumonia (812 cases), severe acute malnutrition (381), anemia (274) and acute gastroenteritis (219). Seven diagnoses were associated with mortality after adjusting for demographic covariates: severe acute malnutrition (odds ratio (OR) 2.5, P < 0.001), coma (OR 4.2, P < 0.001), meningitis (OR 2.3, P ¼ 0.018), congestive heart failure (OR 2.4, P ¼ 0.001), severe dehydration (OR 2.5, P ¼ 0.004), aspiration pneumonia (OR 5.4, P < 0.001) and sepsis (OR 3.2, P < 0.001). Thirty-three percent of deaths occurred in the first 24 h of admission, with four diagnoses associated with first-24-h mortality after adjusting for demographic covariates: coma (OR 7.0, P < 0.001), meningitis (OR 3.2, P ¼ 0.008), congestive heart failure (OR 3.1, P ¼ 0.008) and aspiration pneumonia (OR 12.1, P < 0.001). Conclusions: This study demonstrates a mortality pattern at our hospital that differs considerably from Ethiopia as a whole, and may differ from other hospitals in sub-Saharan Africa. Hospitals must look beyond national and regional agenda when identifying mortality reduction targets.
Introduction
The World Health Organization estimates that 45% of deaths in Africa occur in children younger than 14 years [1] . Approximately two-thirds of non-neonatal pediatric deaths in this region result from pneumonia, diarrhea and malaria [2] . Relatively few reports have been published on hospital-level mortality in Africa, and only one in Ethiopia [3] .
Gondar University Hospital (GUH) is the only tertiary-level health care facility in the Amhara region of northern Ethiopia. It receives referrals from an area that encompasses 17 million people. Forty-three percent of this population is younger than 14 years, and 88% live in rural areas [4] . HIV prevalence among children in Amhara is 0.4% [5] . Pediatric patients presenting to GUH are triaged by interns at an outpatient clinic, and the sickest children are admitted to a critical care ward. Oxygen, intravenous/intraosseous fluids and basic emergency medications are available intermittently on the ward. Inpatients receive care from interns and general practitioners, and at least one pediatrician is always available for consultation. Specialty and diagnostic services are limited.
This cross-sectional study was designed primarily to quantify the prevalence of non-neonatal mortality in the GUH Department of Pediatrics, and secondarily to describe the demographics and pathology encountered. These data were crucial for identifying hospital-specific performance improvement targets.
Methods
Hand-written admission records, completed routinely by interns and reviewed by general practitioners, are archived at GUH for the general pediatrics, malnutrition and critical wards. Two senior pediatricians transcribed these records into an electronic database. All entries made from 19 November 2009 to 18 November 2010 were included in the study. Neonates younger than 1 month were excluded.
Data missing from the admission log books were retrieved through review of patient charts and death certificates. One triplicate copy of every death certificate is archived routinely by our staff, yielding documentation for all deaths that occurred during the study period. Therefore, any patient whose admission outcome was not identified by our retrieval process was transcribed as 'non-death, not otherwise specified'. All other discharge outcomes were transcribed as 'improved', 'unchanged', 'disappeared' or 'died'.
Primary outcome measures included death and death in the first 24 h of admission. Because hour of admission was not recorded for most patients, deaths were considered to have occurred in the first 24 h of admission if length of stay was 0 or 1 day. For each patient, an identification number, age at admission, sex, origin, date of admission and discharge, diagnosis and discharge condition were transcribed. Diagnoses encountered with high frequency (>10 cases) were transcribed as variables. Those encountered with low frequency (10 cases) were transcribed into a category variable labeled 'other'. Geographical data were dichotomized according to Ethiopian administrative maps [6] , such that all patient origins could be recognized as either within or outside Gondar and its immediately surrounding districts. Temporal data were dichotomized by admission volume, with 'high volume period' defined from August to November. Readmissions, identified when one identification number appeared two or more times during the study period, were categorized as 'readmission' for return-to-care analyses, but each admission counted separately for all other analyses.
Associations between categorical variables and primary outcome measures were determined by Pearson 2 tests of independence or Fisher exact tests. For continuous variables, the Wilcoxon rank sum test was used. Associations between each diagnosis variable and primary outcome measure were determined by univariate logistic regression. Adjusted odds ratios (ORs) were calculated for each diagnosis using multiple logistic regression with three demographic covariates: 'age under 5 years', 'sex' and 'origin in Gondar and adjacent districts'. Significance was defined as P 0.05.
Descriptive statistics were generated with Microsoft Excel. Comparative statistics were generated with Stata MP 11 [7] . Ethical approval for this study was obtained from internal review boards at both GUH and Baylor College of Medicine in Houston, TX, USA.
Results

Data recovery
Fifty-one percent of registration book entries were missing an admission or discharge date, and 44.7% were missing a discharge condition. After the recovery process, these rates fell to 20.9 and 17.0%, respectively. Four percent of entries were missing a patient identification number. Nine percent of addresses and 6.3% of sexes could not be recovered. Eleven death certificates (7.6%) lacked a date of death; these patients were assumed to have died beyond the first 24 h of admission.
Demographics
In all, 1927 patients were admitted over the study period. The demographic characteristics of this group are presented in Table 1 . Origin beyond Gondar and its adjacent districts was associated with mortality (10.3% vs. 6.5%, P ¼ 0.017). A trend toward increased mortality was observed for male subjects and children of age >5 years. No other demographic variable was associated with death or death in the first 24 h of admission (Table 2) .
Admission trends
Monthly admission volumes ranged from 132 patients in May to 197 patients in October. Admission rates peaked at the end of the rainy season and the beginning of the dry season (August to November, Fig. 1 ). During this high-volume admission period, significantly more patients presented with community-acquired pneumonia (52.6% vs. 37.8%, P < 0.001), pulmonary tuberculosis (3.7% vs. 1.7%, P ¼ 0.011) and asthma (12.8% vs. 6.4%, P < 0.001).
Sixty-two readmissions (3.3% of all admissions) occurred during the study period. Four patients were admitted three times, and one was admitted four times. Fifty-three conditions were encountered in high volume (10 cases), and 361 patients (18.7%) presented with at least one uncommonly encountered condition (<10 cases). Forty-eight percent of admissions had at least one respiratory complaint, 46.8% had at least one nutritional complaint and 36.5% had at least one infectious complaint. Particularly high admission frequencies (200 cases) were noted for community-acquired pneumonia (812), severe acute malnutrition (SAM, 381), anemia (274) and gastroenteritis (219) ( Table 3) . Overall, 64.5% of patients had improved at discharge, 7.5% died, 6.5% disappeared and 4.6% were unchanged.
Mortality
Most patients who died in our study carried a nutritional (57.9% of all deaths), respiratory (44.1%), infectious (43.4%) or cardiovascular (36.1%) diagnosis. Considerable mortality burden was also observed for gastrointestinal (24.1%) and neurologic (22.8%) diagnoses. Particularly high mortality burden was noted for SAM (35.9% of all deaths), communityacquired pneumonia (35.1%), anemia (17.2%), congestive heart failure (CHF; 16.6%) and gastroenteritis (15.9%).
Nine diagnoses were associated with mortality on univariate analysis (Table 4) . Eight of these retained significance after adjusting for demographic covariates: SAM (OR 2.5, P < 0.001), coma (OR 4.2, P < 0.001), meningitis (OR 2.3, P ¼ 0.018), CHF (OR 2.4, P ¼ 0.001), severe dehydration (OR 2.5, P ¼ 0.004), aspiration pneumonia (OR 5.4, P < 0.001) and sepsis (OR 3.2, P < 0.001). Patients with asthma were less likely to die (adjusted OR 0.3, P ¼ 0.031). Of the 145 patients who died, 48 (33.1%) died within the first 24 h of admission. Seven diagnoses were associated with first-24-h mortality on univariate analysis. Four of these retained significance after adjusting for demographic covariates: coma (OR 7.0, P < 0.001), meningitis (OR 3.2, P ¼ 0.019), CHF (OR 3.1, P ¼ 0.008) and aspiration pneumonia (OR 12.1, P < 0.001). A trend toward association with first-24-h mortality was observed for SAM (adjusted OR 0.3, P ¼ 0.054) ( Table 5) .
Discussion
This retrospective cross-sectional study evaluated 1 year of non-neonatal pediatric admissions at GUH, Ethiopia. Our patient demographics were comparable with those reported in Bamako, Mali (97% younger than 5 years, 58% male, median length of stay 4.5 days and 81% originating within Bamako) [8] . Other inpatient studies from Africa report these figures inconsistently [3, [9] [10] [11] [12] [13] [14] [15] [16] [17] , making comparisons difficult.
One in five patients presented with an infrequently encountered condition (<10 cases). This remarkable pathologic diversity likely reflects the varied geography of our catchment area. Seasonal variation was observed in admission volumes, with sustained peaks from August to November. These peaks are associated with increased admission rates for community-acquired pneumonia, pulmonary tuberculosis and asthma. A second isolated peak in admission volume appeared in March. Further investigation is required to determine the cause of these trends.
The predominance of respiratory and infectious complaints observed in our study agrees with reports from West [8] [9] [10] [11] , South [12] and East [13] [14] [15] Africa, and with a report from the Oromia region of Ethiopia [3] . The high burden of malnutrition observed in our study is consistent with a report from Tikur Anbessa Hospital in Addis Ababa, where 70% of pediatric admissions were moderately or severely malnourished at presentation [16] . Our overall non-neonatal mortality rate is comparable with those of other African hospitals, which range from 5.5% in Libya [17] to 13.4% in Mali [8] . Our first-24-h morality burden was lower than that reported in the literature (40% of all deaths in Mali to 64.2% in Cameroon) [8, 10] .
Most deaths in our study occurred among patients carrying nutritional, respiratory or infectious diagnoses. This finding is consistent with reports throughout Africa [3, [8] [9] [10] [11] [12] [13] [14] [15] . Malaria was encountered infrequently over the study period (8.5% of all admissions), probably because much of our catchment area is high in altitude. Although this translated into a relatively low morality burden for malaria (9.7% of all observed deaths), our case fatality was comparable with that reported elsewhere in the literature (8.5% vs. 2.2% in Kenya and 12% in Mali) [8, 15] . CHF, accounting for almost one-fifth of all observed deaths, was associated with mortality in our study even after adjusting for the effect of demographic covariates, and it ranked fourth in overall mortality burden. To our knowledge, CHF has not been reported as a major contributor to inpatient mortality in the African literature, and the finding warrants further investigation. Mortality burden in our study differed considerably from Ethiopian national data. According to the Federal Ministry of Health [18] , 75% of childhood deaths in Ethiopia result from communityacquired pneumonia, diarrheal disease, malaria, measles, HIV and SAM. These diagnoses accounted for considerable mortality at our hospital (>10 deaths each, except measles). However, of these conditions, only SAM was significantly associated with mortality. Sepsis, meningitis and CHF, none of which is recognized as a national priority, were also significantly associated with mortality. Sepsis and meningitis have been identified as high-mortality conditions in reports from other African hospitals [8-10, 13, 17] . Severe dehydration and coma, because they are conditions and not diagnoses, are rarely reported in the literature. Coma, meningitis, CHF and aspiration pneumonia were significantly associated with first-24-h mortality at our hospital, and SAM trended toward association. Aspiration pneumonia was encountered infrequently (26 cases), but had an extremely high case mortality rate in the first 24 h of admission. With the exception of CHF and aspiration pneumonia, our findings are consistent with other studies in Africa reporting causes of first-24-h mortality [8, 10] .
This study has multiple limitations. First, although the detected associations between diagnosis and mortality are provocative, our cross-sectional design precludes any formal inference of causality. Second, the quality of our data is limited by the diagnostic acumen of medical trainees and the shortcomings of our clinical laboratory. Careful supervision of intern activities was emphasized during the study period, and we feel that the data are as accurate as possible given our resource constraints. Third, because we included readmissions in our regression model without adjusting for possible clustering, our regression estimates may be biased.
Finally, missing data may have affected our outcome estimates. Twenty percent of length-of-stay data were missing, accounting for the low precision of our first-24-h mortality estimates (range 33-40%). Seventeen percent of admission outcomes were missing, affecting our estimates for improvement, disappearance and 'discharge unchanged' rates. However, given the well-organized death certificate archive system in place on our ward, our reported deaths and non-deaths are likely to be accurate. Although our missing data rates are consistent with the literature (2.5-83%) [19] [20] [21] [22] [23] [24] [25] , missing data represent an opportunity for improvement at GUH.
This study demonstrates that mortality among inpatients at our hospital varies considerably from that of Ethiopia as a whole, and from that of other hospitals in the region. Mortality reduction initiatives aiming exclusively to achieve national or regional goals would, in our setup, divert precious resources from higher-yield targets. Hospital decisions regarding mortality reduction should be based on the most specific data possible, namely, those from their own inpatient records.
